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ABSTRACT 

The parapagurid hermit crab Tylaspis anomala Henderson, 1885, has been 
discovered living in association with anémones in New Caledonia. Very few 
specimens were known of this species, previously thought to carry its abdo¬ 
men unprotected, or perhaps bury it in the soft botrom sédiment. The study 
of ail available specimens of this striking hermit crab revealed lack of details 
and morphologies! inaccuracics in published accounts. As a result, the mono- 

typic genus Tylaspis Henderson, 1885 has been rediagnosed, and T. anomala 

Henderson, 1885 rcdescribcd and illustrated. The genus Tylaspis has been 
found to bc more closely related to another monotypic genus, Probeebei 

Bonne, 1926, represented by P. mirabilis Boone, 1926, than to any other 
parapagurid genus. A summary of the taxonomy and diagnosis of P. mirabilis 

is presented. The morphological similarities and différences, pleopod deve¬ 
lopment, and habitat of these two species are discussed. Possible evolutionary 
explanations of their unusual morphology are explored. 
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MOTS CLÉS 
pagures de profondeur, 

P.irapagurid.te, 

fylaspis anomabt, 
Probtebei mirabilis. 

morpholouie, 
développement des pléopotles. 

RÉSUMÉ 
Réexamen de Tylaspis anornala Hcnderson, 1885 (Parapaguridae) et discussion 

sur ses affinités et son évolution. Tylaspis anornala, un Parapagurklae associé à 
des acrinies, a été découvert en Nouvelle-Calédonie. On ne connaissait que 
très peu de spécimens de cette espèce et on croyait que son abdomen n était 
pas protégé ou bien qu elle s enfouissait dans les sédiments meubles. L étude 
de tous les spécimens disponibles de ce pagure étonnant n révélé, dans les 
descriptions précédentes, l'absence de détails morphologiques et des impréci¬ 
sions. Le genre monotypique Tylapsis Hcnderson, I HR5 est redéfini et 
T. anornala est redécric et figuré. l.c genre Tylapsis apparaît plus proche d'un 
autre genre monotypique, Prabeebti Boone, 1426, représenté par P. mirabilis 

Bonne, 1926, que d’aucun autre genre de Parapagurtdae. La taxonomie et 
une diagnose de P. mirabilis sont brièvement présentées. Les similitudes et 

différences morphologiques, le développement des pléopodes et l'habirat de 

ces deux espèces sont discutes. Des hypothèses explicatives sur l'évolution de 
leur morphologie inhabituelle sont proposées. 

INTRODUCTION 

The unusual hermit crab Tylaspis anornala 

Henderson, 1885 was described from a male spé¬ 

cimen discovered in cleep waters (4344 m) of the 

South Pacific during the British Challenger expé¬ 

dition (1872-1876) (Henderson 1885, 1888). 

According to Henderson (1888), the calcified 

céphalothorax apparcntly unprotected by a gas- 

tropod shell, alone sufficed to disringuish T. ano- 

mala from ail other hermit cm 1rs. Since the 

original description, F. anornala has been men- 

tioned in faunistic studios and evolutionaty dis¬ 

cussions ol pagnroids, or used as one of the 

prime ex a m p 1 es of life in the deep sea (e.g. 

Alcock 1905; Pzibram 1905; Borradaile 1916; 

Wolff 1961a, b; Russell 1962; Menzies et al. 

1973; Marshall 1979; Gage Tyler 1991). 

Additional material was reported by de Saint 

Laurent (1972), including the first known 

females, based on collections obtaincd during 

one of the US Albatross expéditions. De Saint 

Laurent also reinstated and redelined the family 

Parapaguridae, and placed 77 anornala in this 

family based on such characters as presence of 

labral spine, lack of exopodal flagellum on the 

first maxilliped, undivided abdominal tergites, 

unpaired left gonopore in females, and telson 

lacking médian constriction. This familial arran¬ 

gement has been followed by subséquent carci- 

nologists (McLaughlin 1983; Lemaitre 1989, 

1996). 
During studies of the extensive deep-water her¬ 

mit crab collections obtaincd during various 

recent French sampling campaigns in the New 

Caledonia région, two relatively large, well- 

preserved male spécimens ol Tylaspis anornala 

were found, cach carrying an anemone as mcans 

of protection. Previous spécimens of 77 anornala 

had been collected without any évidence of pro¬ 

tection for rheir abdomen, leading carcinologists 

to speculate wherher this spccies was ircc-living 

with its abdomen unprotected (Balss 1924; 

Melin 1939; Wolff 1961a, b), or protected its 

membranous abdomen by burying it in the soft 

ooze of the sea floor (Borradaile 1916). The dis- 

covery of the New Caledonia spécimens suggests 

an an.swer to this long-standing question. Also 

during this study, an additional specimeit of 

77 anornala collected in the western Pacific east ol 

Guarn, was located in the Zoological Muséum of 

Moscow State University (D. Zhadan, pers. 
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comm.). This finding extends considerably the 

distribution of this species front the eastern 

South Pacific to the western Pacific. 

In addition to the apparent absence of shell- 

carrying behavior, there are also several morpho- 

logical characteristics of Tylaspis anomala that are 

unusual araong hennit crahs. Most strikmg are: 

the calcification of the posterior carapace and its 

partial fusion with the shicld: rite apparent 

absence or considérable réduction of the ocular 

acides; very long, slender and spinous walking 

legs (second and third pereopods); the lack of 

propodal rasp on the fourth pereopod; and sym- 

metrical uropods and telson. Despite the unusual 

learures found in T. anomala, surprîsingly few 

details on these and other important aspects of 

its morphology are available in published 

accounts. For example, previous descriptions of 

T. anomala indicate that males hâve only paircd 

first and second pleopods, and unpaired lefr 

third to fifth (llenderson 1888; de Saint Laurent 

1972). However, the New Caledonia male spéci¬ 

mens hâve five pairs of pleopods, albeit the third 

to fifth are asymmetrical (lefr biramous, right 

uniramous and short). Detailed examination of 

other available material of T. anomala, rcvcaled 

additional discrepancies or inaccuracies in publi- 

shed accounts of this taxon. In view of these 

Fig. 1. — Tylaspis anomala Henderson, 1885, New Caledonia, BIOCAL stn CP 17, dorsal view of S (SL 8.7 mm) (MNHN-Pg 5533). 
Scale bar: 10 mm. 
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Fig. 2. — A. Tylaspis anomala Henderson, 1885. New Caledonia. BIOCAL stn CP 17, 6 (SL 8.7 mm) (MNHN-Pg 5533): cephalic 
appendages, shield, and posierior carapace (dorsal view); B D, Probeebei mirabilis Boone, 1926. eastern Pacific, off Peru, Albatross 
stn 4647, 04 '33'S - 87 42’30 'W, 2005 fm, 3667 m, 9.XI.1904 (USNM 267810); B, abdomen, posterïor portion of céphalothorax and 
right fourth pereopod (dorsal view) of ovigerous ? (SL 20.7 mm); C, céphalothorax and abdomen (dorsal view) of è (SL 23,9 mm): 
D, sternum, abdomen, uropods and telson (ventral view) of same i. Scale bars: A, 5 mm; B-D, 10 mm. 
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defficienries, i: is clear that a more detailed and 

accurate diagnosis of the monotypic genus 

Tylaspis is needed, as well as a redescriprion of its 

species T. anomala. 

While comparing the morphoiog)’ of T. anomala 

with that of orher parapagurids, ir was found 

that ntany characters are shared with another 

unique parapagurid, Prnbeebei mirabilis Boone, 

1926, to which T. anomala is probably most clo- 

sely related. The morphological similatities and 

différences ol these rwo species are desetibed in 

detail, including pleopod development as estima- 

red Iront a small sériés ol yuung individuals. The 

possible evolutionary interprétation ol the unu- 

sual morphology ol the céphalothorax and abdo¬ 

men of these tvvo species is briefly discussed. 

Although P. mirabilis bas been previously descri- 

bed in detail by Wolff  (1961b), it is appropriate 

for comparison purposes to include here a sunt- 

mary of its taxonomy as well as diagnostic cha¬ 

racters based on rhe examination of many 

specintens in the collections of the National 

Muséum of NaturaJ History, Smithsonian 

Institution, Washington D. C. (USNM), and 

Zoologisk Muséum, Copctihagcn (ZMK). 

The New Caledonia matcrial of 7. anomala is 

deposited in the Muséum national d Histoire 

naturelle, Paris (MNHN); the type is housed in 

rite Natural History Muséum, London [former- 

Jy British Muséum (Natural History)] (NHM); 

the Albatross specimens are part ol the collections 

in the USNM; and an additions! specimen is 

deposited in the Zoological Muséum Moscow 

State University (ZMUM). The type of 

Prnbeebei mirabilis Boone, 1926 remains deposi¬ 

ted in the American Muséum of Natural History, 

New York (AMNH). A single measurement, 

shield length, indicative of size, is included in 

paremhesis, as measured (to the nearest 0.1 mm) 

trom rhe tip of the rostrum to rhe midpoint of 

the posterior rnargin of the shield. General ter- 

minology follows McLaughlin (1974) and 

Lemaitre (1989), except fin grooves, lineae, and 

sulci, used as summarized in Lemaitre (1995: 2, 

ftg. 1); rhe sulcus verticalis was not included by 

Lemaitre, and is used as defmed by Boas (1926) 

and Pilgrim (1973). fhe term semichclate” is 

used according to the définition provided by 

McLaughlin (1997: 435). 

SYSTEMATICS 

Genus 7ylasph Henderson. 1885 

Tylaspis Henderson, 1885: 900; 1888: 81. - A. Milne 
Edwards & Bouvier 1893: 7. — Alcock 1905: 25. - 
Borradaile 1916: 121, figs 12, 13b. — Balss 1927: 
1012.; — Melin 1939: l3.-WolfF 1961a: 931; 1961b: 
25, lig. I lb. - Gordan 1956: 342. — de Saint Laurent 
1972; 120. - Marshall 1979: 304. - Gage & Tyler 
1991: 83. 

TYPE SPECIES. — Tylaspis anomala Henderson, 1885, 

by monotypy. 

Distribution. — Pacific Océan. 

Diagnosis 

Eleven pairs of phyllobranchiate gills. Shield and 

Fig. 3, — Ocular peduncles. acides (arrows) and rostrum (dor- 
solateral view); A. Tylaspis anomala Henderson, 1885, New 
Caledonia, BIOCAL stn CP 17, i (8.7 mm) (MNHN-Pg 5533): 
B, Probeebei mirabilis Boone. 1926. easlern Pacific, off Peru, 
Albatross stn 4647. 04r33'S - 87:42’30'W, 2005 fm, 3667 m, 
9.XI.1904 (USNM 267810). Scale bars: A, 1 mm; B, 2 mm. 
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posterior carapace partially RiSed (Figs 1, 2A), 
well-calcified. Rostrum well developed, 
Branchiostegites membranous. Shield marked by 
deep calcified cervical groove and linea transver- 
salis; dorsal surface strongly convex. Posterior 
carapace (Fig. 2A) lacking lineac or sulci; latéral 
margins arciform. Ocular acides (Fig. 3A) redu- 
ced. Antennular and antennal peduncles distinct- 
ly overreaching eyestalks. Fourth segment of 
antennal peduncle (Fig. 4B) unarmed. Thoracic 
sternite (Fig. 4G) of chclipeds narrow. Stérilités 
of second and third percopods niodcrately broa- 
dened. Sternites of fourth and fifth percopods 
each consisting of transverse rod subdivided in 
midline, tliat of fifth very narrow and widely 
separated front precedtng sternite. Ambtilatory 
legs (Fig. I ) very long and slender; second wal- 
king leg (third pereopod) distinctly longer thau 
first (second pereopod). Abdomen membranous 
(Fig. 1), except for niodcrately calcified tergite of 
first somite and pleura of second soinite. 
Uropods and telson (Fig. 4H) symmetrical. 
Males witli  well-developed paired first and 
second pleopods modified as gonopods, and 
asymmetrically paired third to fifth pleopods; left 
third to fifth pleopods biramous, right third to 
fifth rudimemary (each consisting of small bud). 
Females lacking first pleopods; second to fifth  
pleopods paired (symmetrical or asymmetrical). 

Tylaspis anomala I lenderson, 1885 
(Figs 1,2A, 3 A, 4-7) 

Tylaspis anomala Hendcrsun, 1885 : 900. fig. 329; 
1888: 81, pl. 8, fig. 5. Alcock 1905: 191. - Pzibram 
1905: 198. - Balss 1924: 763, fig. 19. - Melin 1939: 
15. - Gordan 1956: 342. - WulfF 1961b: 26. - 
Russell 1962: 20.— de Saint Laurent 1972: 121. — 
Menzies étal. 1973: 235. 

HOLOTVPE. — South Pacific. Challenger, stn 285, 
32°36’S - 137”43’\V» 2375 fin (4344 m): 1 6, 
5.7 mm (NHM 1888: 33). 

AoniVlONAI MATI'KIAl. New Caledonia. NO /etin 
Charcot, BIOCAL stn CP 17, 20"35’S - 167°25'E, 
3680 m, I4.V1II.1985: 2 6 6, 7.2. 8.7 mm (MNI1N- 
Pg 553$1. 
Pacific Océan (other). NE ni F.aster Island, Alhatross, 
stn 4701, I9"11'5 102‘,24'W, 2265 fin (4143 m), 
26.X11.1904: 2 6 6, 6.5, 6.5 mm; 2 9$, 5.9, 
8.0 mm (USNM 168482). — E ol Guam, Akademik 

Mstislav Keldysh, 9th cruisc, stn 1065, 14°09.5’N - 
155°54.04'E. 3800-4270 m. 4-5.X1.1984: 1 6, 8.0 
mm [not seen| (ZMUM Ma-4831). 

i lis i RlbUTION. — Pacific Océan: NE of Easter Island; 
New Caledonia; and East of Guam (D. Zhadan, pers. 
contra.), Deptlt : 3680 to 4344 m. 

H .MUTAT AND SYMBIOTIl. ASSOCIATIONS. — The spéci¬ 
mens front New Caledonia (MNHN-Pg 5533) were 
each fottnd carrying an untdentîfied anentone (remo- 
ved and urider stmly by D. Doumenc, A. Crosnier, 
pers. coinm.). 

Rldescription 

Shield (Figs I , 2A) approximately as broad as 

long. Dorsal surface strongly convex, uneven, 

with scattered short setae; with distinct bulges on 

latéral région, most bulges with one or more 

small spines dorsally, Rostrum promincntly tri- 

angular, well in advance of latéral projections of 

shield; with distinct mid-dorsal lidge, Anterior 

margins weakly concave. Latéral projections 

broadly rounded. Antérolatéral région with one 

to four small spines dorsallv. Ventrolateral mar- 

gin with small spine. Posterior margin broadly 

rounded. Anterodistnl margin of branchiostegite 

rounded, unarmed, setose. 

Posterior carapace (Figs 1, 2A) with numerous 

small spines on dorsolateral surfaces; dorsoine- 

dian or cardiae région somewhat elevated, gla- 

brous, weakly subdivided into rhree low rounded 

longitudinal ridges. Branchiosregites (Fig. 4A) 

divided into anreriot and posterior portion by 

broad, shallow sulcus vcrticalis. 

Ocular peduncles less than half length of shield, 

rttflatcd basally, and with short dorsal row of 

long setae. Cornea pigmented, width subequal to 

distal widrh ol ocular peduncle. 

Antennular peduncle long, slender, exceeding 

distal margin of cornea by half length of penulti- 

mate segment; ventral flagellum with six or seven 

articles. Ulrimare segment twicc as long as penul- 

timate segment, with scattered setae. Rasai seg¬ 

ment with strong veniroinesial spine; latéral lace 

with distal subreetangular lobe ol statocyst 

atnied with rwo or rhree small spines, antl strong 

simple or bifid spine proximally. 

Antennal peduncle (Fig. 4B) exceeding distal 

margin of cornea by approximately 0.3 length of 

fifth segment. Flagellum long, exceeding exrended 
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first ambulatory leg; articles with scattered setae 

one to two articles in length. Fifth segment unar- 

med, with long setae lateraily and mesially. 

Fourth segment unarmed: with transverse durso- 

distal row of setae. Third segment with strong 

ventromesial distal spine. Second segment with 

dorsolateral distal angle weakly produced, termi- 

nating in spine; latéral margin with one or two 

small spines proximally; mesia! margin with 

spine on dorsodistal angle. First segment with 

two or three small spines on latéral lace; ventro¬ 

mesial angle produced, with three or tour small 

spines lateraily. Antcniial acides straight, excee- 

ding distal nvargins ot eorneae by 0.3 to 0.5 length 

of acide, terminating in strong spine; mesial 

margin unarmed, serose. 

Mandible (Fig. 5A) wirh 3-segmented palp. 

Maxillulc (Fig. 5B, C) wirh external lobe of 

endopod weakly developed, internai lobe with 

two long sérac. Maxilla (Fig. 5D) with endopod 

exceeding distal margin of scaphognathite. First 

maxilliped (Fig. 5E) with endopod exceeding 

exopod in distal extension. Second maxilliped 

(Fig. 5F) without distinguishing characters. 

Third maxilliped (Fig. 5G) with cristil dentata of 

fourteen corneous-tipped teeth; coxa and basis 

each wirh snrall mesial tooth. Sternite ol third 

ntaxillipeds with spine on each side ot midline. 

Epistome unarmed. 
Chelipeds dtssunilar Righr cheliped (Fig. 4C) 

slender, w ith scattered short setae. Fingers sube- 

qual to length of pa]ni, terminating in small cor- 

neous claws; rips strongly curved inwardly, 

crossed vvhen closed; dorsal and ventral faces 

unarmed; cutting edges with irregularly sized cal- 

careous teeth, and row of small, fused corneous 

teeth distally. Palm longer than broad, latéral and 

mesial faces rounded; dorsal and ventral laces 

smooth, unarmed or ar most with scattered 

minute spines; mesial tace with cwo or three irre- 

gular rows of small spines. Carpus with nu mé¬ 

rous small spines on dorsal and ventral surfaces, 

and subdistal row ol small spines on dorsal face. 

Merus with numérotes small spines on dorsal and 

latéral faces, mesial face smooth; ventromesial 

margin with row ot spines. Ischium with spines 

on dorsal margin and ventral face. Coxa with 

small spines on vçnrrai tace. 

Left cheliped (Fig. 4D) well-calcified, slender, 

with scattered setae. Fingers terminating in small 

corneous claws; dorsal and ventral surfaces unar- 

med; cutting edge ot dactyl w irh row of minute, 

fused corneous teeth; cutting edge of fixed finger 

vvitli  rowr of small, regularly spaced teeth inter- 

spersed writh minute corneous spines. Dactyl 

subequal to palm in length. Palm with dorsal and 

ventral surfaces unarmed, except for irregular 

rows of small spines on dorsomesial face. Carpus 

with numéraux small spines on dorsal surface; 

ventral face with scattered small spines. Merus 

wilh small spines on dorsal and latéral faces, 

mesial face smooth; with ventromesial and ven- 

rrolateral row of spines. Ischium with dorsal 

spine and several small spines on venrral face. 

Coxa wilh small spines on ventral face. 
Ambulatory legs (Fig. I ) similar from righr to 

left, very long and slender; second walking leg 

exceeding first by full  length of dactyl, and excee¬ 

ding excended right cheliped by nearly full  

length of propodtis. Dacryls nearly straight, 

approximately as long as propodi, with dorsal 

row of small spines and bristle-like setae, and dis¬ 

tal dorsolateral and dorsomesial rows ot long 

setae; ventral margin unarmed. Meri, car pi and 

propodi each with numerous spines (often in 

pairs) arrangée! in irregular rows on ail surfaces. 

Ischia and coxae unarmed. Anterior lobe of ster- 

nite of third percopods (Fig. 4G) sloping, Sctose, 

unarmed or w ith one or rwo small spines. 

Fourth pereopod (Fig. 4 F.) semichelate. Dactyl 

subtriangular, strongly curved, terminating in 

sharp corneous claw, and wirh three ro five 

minute corneous spinulcs on ventral margin. 

Prapodus elongate, approximately 3.5 tintes as 

long as broad, with strong ventrodistal spine. 

Merus, carpus, and prapodus unarmed but with 

long setae. 

Filth pereopod (Fig. 4F) chelate, wirh long setae 

on merus, carpus, prapodus and dactyl. Dactyl 

and prapodus each with weak rasp forrned of few 

minute corneous Spines. 

Telson (Fig. 4H) lacking transverse suture, 

subrectangular, slightly longer than broad; poste- 

rior margin entire. broadly rounded. unarmed. 

Uropods (Fig. 4H) elongate, about four tintes as 

Long as broad; rasps weakly developed, consisring 

ot two ot three rows ot small corneous spines. 

Male paired first gonopods (Fig. 6A) each with 
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elongate, subconical distal lobe; second paired 

gonopods (Fig. 6B) each with distal segment 

twisted distally, distomesial (ace setose, and with 

Fig. 6. — Tylaspis anomala Henderson, 1885, New Caledoma, 
BIOCAL stn CP 17. 4, 8.7 mm (MNHN-Pg 5533): A B, left llrat 
(mesial view) and second (anteriot view) gonopods . CE, third 
to fifth pair ot pleopods (left on left, nght on riglit, latéral view); 
A, first gonopùd; B, second gonopod; C, ililid  pair; D, fourth 
pair; E, fifth pair. Scale bar: 1 mm. 

short bristle-like secae on latéral margin, with 

short exopod (holotype only). Smaller known 

female (SI 5.') mm) with second to Fifth pair of 

pleopods (Fig. 7A-D) symmetrical, biramous, 

each with short endopod and spar.se setac. 

Largest known Female (SI 8.0 mm) with second 

to fifth pair of pleopods asymmetrical 

(Fig. 7E-H); left biramous, with subequal rami; 

right rudimentary, each consisting of small bud. 

Remarks 

De Saint Laurent (1972: 121) mistakenly indica- 

ted chat shc cxamined spécimens of Tylaspis ano¬ 

mala from US Albatross plankton station 4605. 

No specimens of this species were obtaincd at 

this srarion 

Several important morphological leatLires of 

T. anomala hâve been inaccurately or insuffi- 

ciently reported in previotis descriptions of this 
species. For examplc, Henderson (1888) and de 

Saint Laurent (1972) srated rhat ocular acides 

were absent, and this interprétation has been fol- 

lowed b y rnost tarcinologists. McLaughlin 

(1983) did suggest thaï the acides in three 

monotypic parapagutid généra (i.e. Tylaspis, 

Prnbeebei and Typhlopagurus de Saint Laurent, 

1972) were reduCed or lost, but did not specify 

exactly vvhich was the condition in Tylaspis. 

Alrhough the ocular acides in T. anomala are 

considerably reduced and indecd not casily dis- 

cernible, rhey are présent (Fig. 3A). A careful 

examination of T. anomala specimens. and their 

comparison with chose ot species from ail other 

parapagurid gênera, ciearly indicates a conti¬ 

nuum from well-developed ocular acides (Sym- 

pagurus Smith, 1883, Oncapagurus Lemaitre, 

1996, Paragiopagurus Lemaitre, 1986, Strobo- 

pagurus Lemaitre, 1989), through stages where 

they arc reduced [Probeebei mirabilis Bonne, 

1926 (Fig. 3 B), Typhlopagurus fores ti de Saint 

Laurent, 1972] or moderately developed 

[Bivalvopagums sinemis (de Saint Laurent, 1672), 

species of Parapagurus Smith, 1879], to a condi¬ 

tion such as in T. anomala, where the acides are 

barely discernible. 
Alrhough rhe partial fusion and calcification of 

the céphalothorax in T. anomala is a feature that 

lias been previously docutnented, the absence of 

linea or sulci on the posterior carapace has not. 
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The partial fusion of the shicld and postcrior 

carapace is marked by a calcified dcep cervical 

groove and lineae rransversalis. On the postcrior 

carapace, there is no evidence of lineae or sulci as 

seen in typical paguroids, although the slighdy 

raised condition of the dorsomedian or cardiac 

région (as shown in Fig. 2A) might give the 

appearance that there is at least a sulcus cardio- 

branchialis on eirhet sidc of the cardiac région. 

The abdomen of T. anomala lias been described 

as short, metnbranous, and wirhout the usual 

twisting secn in typical shell-inhabiting hermit 

crabs (FIcnderson 1888), or simply membranous 

except for a weak calcification of the second rer- 

gite (de Saint Laurent 1922). However, the abdo¬ 

men is wcaldy twisted to the right, at least in 

preserved State (Fig. 1). Examination of ail avai- 

lable spécimens has shown that in addition to the 

calcification seen in the pleura of the second 

soirtite, the tergife of the First somire is also simi- 

larly calcified. As prcviously mentioned, in the 

past it has been inaccurately reported thaï 

T. anomala males hâve only paired First and 

second pleopods, and unpaired left third to fifth. 

Similarly, fentaJes hâve been reported to hâve 

unpaired left second to fifth pleopods, vvith a 

vestigial right second pleopod (Hcnderson 

1888 ; de Saint Laurent 1972). In actuality, the 

holotype as well as both ol the New Caledonia 

male spccimens bave five pairs of pleopods, albeit 

the third to fifth pairs are asymmetrical (left bira- 

mous, right uniramous and bud-like; Fig. 6C-E). 

A study of rite only two female spccimens known 

(USNM 168482) shows that indeed they lack 

first pleopods; Itowever, they do hâve paired 

second to fifth pleopods. In the smaller female 

(SL 5.9 rnm), the pleopods (Fig. 7A-D) are pai¬ 

red, symrneuical, biramous; in vhe larger female 

(SI. 8.0 mm), rhe pleopods (Fig. 7E-H) are also 

paired, but asymmetrical, with che left biramous 

and right considerahlv reduced to minute buds 

(only a scar is visible on the place of normal 

development of the right second). In both 

females, che unpaired left gonopore is clcarly 

developed. suggesting maturity. 

The présence of uropodal rasps in T. anomala has 

not been previously reported. Although 

Flenderson (1888, pl. 8, fig. 5a, b) included 

illustrations of the uropods, he did not depict the 

small spines that form the rasps of these appen- 

dages (Fig. 4H). 

TAXONOMY AND CFfARACTERISTICS OF 

Probeebei mirabilis Bonne, 1926 

The monotypic genus Probeebei, and its species 

P. mirabilis, were original!}' briefly described by 

Boone (1926a, b) as a primitive macruran, based 

on a juvénile specimen obtained sotith of Cocos 

Island dtiring rhe Arcturus Océanographie 

Expédition in 1925 to the eastern Pacific. 

Unaware of Boones description, Wolff  (1960b) 

described whar he thought to be a new genus 

and species of pagurïd as Plein opagurus galathea, 

based on juvénile and adult spccimens obtained 

during the Danish Galathea Expédition in 1952 

to the eastern Pacific. However, Fermer 

A Chacc, Jr. (in lin.) informed Wolff  of Boone’s 

brief description, and shortly rhereafter, Wolff  

(1961a, b) recognised that bis taxon actually 

represented the poorly described Probeebei mira¬ 

bilis, wbich he then redescribed in considérable 

detail, showing that it really was a hermit crab 

wbich he classitied in the Pagundae, Probeebei 
was later plaeed in tfie Parapaguridae by de Saint 

Laurent (1972). 

Probeebei mirabilis Boone, 1926 

(Figs 2B-D, 3B) 

Mari'.RlAi EXA.MIN-ED. — For discussion purposes, the 
following diagnose of /'. mirabilis is presemed, based 
on exainination of sperimens obtained during the US 
Albatross and Danish Galathea expéditions, as lollows: 
18 SA, 20 9 2, 7 juvéniles (USNM 119893-119897, 
267810); 1 9, 2 juvéniles (ZMK). 

Distribution. — Eastern Pacific: from south of 
Cocos Island to off Southwest of Galapagos; 1145 to 
4775 m. 

Habitat. — Apparcntly lfee-living. 

Rf.MAKXS, — De Saint Laurent (1972) inaccurately 
indicated thaï the holotype of tliis species was Iroin 
the Indian Océan, The holotype was actually tollecied 
during the Arcturus Océanographie Expédition 
(stn 74-O F4, 60 miles south of Cocos Island, 
04°50’N - 87°00’W, 1145 m, 30.V.1925), and as pre- 
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viously mentioned is deposited in the American 
Muséum of Natural History, New York (AMNH 
12397). 

DiAGNOSIS 

Eleven pairs of phyllohranchiate gills. Shidd and 

posterior carapace partially fuscd, well calcificd, 

spinose. Rostrum wcll-developcd, elongate, and 

spinose; Ircquently strongly recurved upwardly. 

Branchiostegite moderacely calcificd, spinose. 

Shicld marked by deep membranous cervical 

grnove and linea transversalis. Posterior carapace 

spinose; cardiac sulci extending posteriorly and 

converging at midpoint of posterior margin; laté¬ 

ral niargins broadly rounded, 

Ocular peduncles with small dorsal spine proxi- 

mally. Ocular acides considerably reduced 

(Fig. 3B), marked by small spine. Epistome unar- 

med. 

Antennular and antennal peduncles distinctly 

overreaching eyestalks. Fourth segment of anten¬ 
nal pcduncle armed with distolateral and disto- 

mesial spines. 

Chelipeds dissimilar in size, right not markedly 

larger than left. Ambulatory legs very long, slen- 

der, spinose; second distinctly longer than first. 

Fourth pereopod (Fig. 2B) semichelate, lacking 

rasp on propodus Fifth pereopod chelate. 

Thoracic sternite of chelipeds narrow (Fig. 2D). 

Sternites of second and third pereopods modera- 

tely broadened. Sternites of fourth and fifth per¬ 

eopods each conslsting of transverse rod 

subdivided in midline, that of fifth narrow and 

widely separated trom preceding sternite. 
Abdomen (Fig, 2B-D) arched under body so 

ventral surface of telson faces sternite of fifth per¬ 

eopods; tergites wdl-calcified, second to fifth spi¬ 

nose and with well-developed pleura, Uropods 

and telson (Fig. 2F)) syrnmetrical or ncarly so. 

(Jropodal exopod and endopod slender, with 

wcakly developed rasp consisting of rows of small 

corncous spines. "Fclsort subrectangular. 

Males with abdominal tergites syrnmetrical 

(Fig. 2C, D); with paired first pleopods modified 

as gonopods; lacking second to fifth pleopods. 

Females with second to fifrh abdominal tergites 

asymmetrical (Fig. 2B), left pleura larger than 

right and covertng eggs; with unpaired left bira- 

mous second to fifth pleopods. 

COMPAR1SON OF Tylaspis AND Probeebei 

Similarités 

Tylaspis anomala and Probeebei mirabilis share the 

follnwing characters: gill structure (phyllobran- 

chia): partially fused and calcificd shidd and pos¬ 

terior carapace; well-developed rostrum; reduced 

ocular acides; unarmed epistome; wcakly dissi¬ 

milar chelipeds; long, spinose ambulatory legs, 

with second pair distinctly longer than first; 

fourth pereopod lacking propodal rasp, with 

strong ventrodistal spine on propodus; symme- 

trical uropods and telson, with uropodal exopod 

and endopod having weakly developed rasps; and 

deep-water habitat. Both species exhibit a sirnilar 

development of the second to fourth sternites 

(Figs 2D, 4G), which consists of plates that are 

broader than in other parapagurids. 

DIFFERENCES 

Tylaspis anomala and Probeebei mirabilis differ in 

a number of features. No sulci are visible on the 

posterior carapace of T anomala, although as pre- 

viously mentioned the raised dorsomedian or car¬ 

diac région appears to be marked by a cardiac 

sulci. The cardiac sulci are clearly defined in 

P. mirabilis. The rostrum is prominent in both 

anomala and P. mirabilis, but is more so in the 

latter where il is spinose and often strongly recur- 

s'ed upwards. The ocular acides are considerably 

reduced, unarmed, in T. anomala (Fig. 3A): the 

acides are similarly reclucecl in P mirabilis, but are 

marked by a small spine (Fig. 3B). The most stri- 

king différences berween the two species, howe- 

ver, can be seen in the abdomen. The abdomen 

in T. anomala is slightly twîsted to the right 

(Fig. 1), and membranous except for a moderate 

calcification of the tergite of the first somite and 

pleura of the second; adule males hâve paired first 

and second gonopods, and paired asymmetrical 

third to fifth (Fig. 6); adult females Iack first and 

second pleopods, and hâve paired, asymmetrical 

third to fifth pleopods (Fig. 7E-11). In contrast, 

rhe abdomen of P mirabilis has wdl-calcified first 

to fifth tergites; rhe tergites are syrnmetrical in 

males but asymmetrical in females, and armed 

with spines (Fig. 2B-D); adult males hâve no 

pleopods except for paired first, and adult females 

hâve unpaired left second to fifth. 
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PLEOPOD DEVEI.OPM F.NT 

Pleopod development from larvral to adult stages 

is an aspect that has been insufficiently studied 

in paguroids in general (see review in Lemaitre &  

McLaughlin 1992). Iris comtnonly assumed that 

the megalopal pleopods are the satne morpholo- 

gica! structures seen in the adult. No anomurans 

hâve fitst pleopods in the megalopa. When juvé¬ 

nile or adult hermit crabs hâve First pleopods, it 

has been shown that these arise as trew structures 

modified as gonopods and not from pre-exisring 

pleopods (Provenzano & Rice 1966; Lemaitre tk 

McLaughlin 1992). In the lirhodid Lithodes rnaja 

(Linnaeus, 1758). Sandberg & McLaughlin 

(1997) hâve docuntented the development of 

paired First and unpaired second to Fifth pleo¬ 

pods in Females. They observed that in this litho- 

did, the megalopal pleopods are lost in the 

transition to the First juvénile stages, Followed by 

graduai development of second to fifth left pleo¬ 

pods from the sipaller juvéniles (6,6 to 10.5 mm 

carapace length) to Fully grown individuals 

(65.0 mm carapace length or greater). Paired first 

pleopods begin to appear relativcly late in the 

juvéniles stages when individuals reach about 

50.0 mm carapace length. 

Unfortunately no larval stages of T. anomala or 

P mirabilis hâve been f'oand, and only a few 

young or adult specimens are available. In the 

male specimens of T anomala, no major diffé¬ 

rences in pleopods can be seen from the smallest 

(SL 6.5 mm) to the largest (SL 8.7 mm) spéci¬ 

mens (Fig. 6). However, in Females, development 

can be gleancd (rom diFFerences in pleopod 

condition between the smallest (SL 5.9 mm; 

Fig. 7A-D) presumably young, and largest (SL 

8.0 mm; Fig. 7E-H) presumably adult speci¬ 

mens. In both females the left second to fifth are 

similarly biramous, except for a greater develop¬ 

ment of the rami in the larger Female; the right 

second to fifth pleopods are biramous in the 

young specimen, and short, uniramous (bud- 

like) in the adult specimen. Thus, based on the 

limited material available, it appears that a pro- 

cess of réduction tuteurs on the right side, whe- 

reas increased growth occurs on the left side. 

Whether or not these pleopods represetvt appen- 

dages that hâve reappeared after the loss of mega¬ 

lopal pleopods (such as reported For Lithodes 

maja by Sandberg & McLaughlin 1997), cannot 

be determined with the limited material avai¬ 

lable. Ar least in males, however, development of 

first and second pleopods does seem to oecur 

secondarily as the individual matures. 

Males ol P. mirabilis develop only paired first 

pleopods modified as gonopods during the juvé¬ 

nile crab stages. As described by WollF (1961b: 

22, fig. 8, table 1), young males hâve paired uni¬ 

ramous (bud-like) second to fiFth pleopods; 

adults hâve only one pair ol pleopods, the first. 

In Females of P. mirabilis development proceeds 

on the left second to filth, From uniramous in 

the young to biramous in adults; on the right 

second to fifth, From uniramous in the young to 

loss or scars in adults. Again, the bud-like pleo¬ 

pods observed in juvéniles could possibly repo¬ 

sent appendages that are teappeariug after the 

loss of megalopal pleopods. Réduction of these 

appendages continues in males unfil rhere is total 

absence in the adults. Females, however, loose 

onlv those on the right side, while those on the 

lefi develop into the egg-carrying appendages of 

the adults. The First pleopods of the male 

P mirabilis develop as sexual appendages as the 

animal matures. 

Habitai 

Tylaspis anomala and P mirabilis live exclusively 

in deep vvaters (typically near 4000 m) of the 

Pacific. Of benthic decapods, these two species 

arc considered among those that occur the dee- 

pest (WolFf 1960a; de Saint Laurent 1972). As 

previously mendoned, P. anomala uses an ane- 

motie to protect its abdomen. AJthough live spe¬ 

cimens of T. anomala hâve not been observed, it 

appears from preserved specimens that, in liFe, 

part of the abdomen is bent under the body (see 

Borradaile 1916: 124, fig. 13; Wolfl 1961b; 27, 

ftg. 11), P. mirabilis is considered to be free- 

living. i.e. does not use a shell or other means of 

protecting its abdomen (Wolff 1961a, b), and 

also carries part of the abdomen bent under the 

body. A number of lots of P. mirabilis hâve been 

examined, and none contain evidence of housing 

or an associated organism as mode of protection, 

fciowever, the morphology of the Fourth pereo- 

pod oF P. mirabilis (Fig. 2B) is virtually identical 

to that of T. anomala. Both exhibit on the propo- 
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dus of this appendage a sirong ventrodistal spine 

that, ac least in 77 anomal/7, is tlearlv an adapta¬ 

tion for grasping an ancruone (Fig. 4E). It is 

concevable, thereforc, that P mirabilis may simi- 

larly use its fourth pereopod to grasp a protective 

organisni or housing yct to be found with spéci¬ 

mens of this species. 

RELATIONSHIPS AND EVOLUTIONARY 

COMMENTS 

Tylaspis anomala appears to be more closely rela- 

ted to P, mirabilis than to any orher parapagurid. 

These two crab-lîke species exhibit virtually 

identical morphologîcal developments on the 

céphalothorax and its appendages, and hâve 

sîmilar modes of lif’e. As previously mentioned, 

the only marked différence betwecn the two can 

be found in the abdomen (degrce of calcification, 

symmetry, and pleopod arrangement). The rwo 

are presumed to represent advanced forms that 

hâve evolved as resuit of the abandonment by 

their ancestors of shell use or other means of pro¬ 

tection (Wolff  1961b). The tradirional viewused 

to explain paguroid abdominal modifications 

(c.g. asymmetry, loss of righr pleopods, membra- 

nous condition) is based on the assumptton that 

such modifications arc the resuit of hermit crabs 

occupyïng dextrally coiled shells (e.g. Boas 1880, 

1924; Henderson 1888; Bouvier 1894, 1897; 

Ferez 1 934; Russell 1962; Richter & Scholtz 

1994). Thus, the premise bas been that hcrmil 

crabs were first asymmetrical animais that lived 

in shells. Presumably, in carctnîzed forms such as 

T. anomala and P. mirabilis, abdominal asymme¬ 

try wa.s retained from sbell-dwelling ancestors, 

and cephalothoracic and tergite calcification 

evolved secondarily as a speciali/.ation for a free- 

living existence. The scarcity of calcareous shells 

at depths where 77 anomala and P mirabilis live 

niight be cited as a limiting factor that has 

influenced the évolution of the abdomen in these 

two forms. However, other parapagurids 

(Parapagurus sp.) with a more convenrional her¬ 

mit crab morphology, live abundantly at sîmilar 

depths, and do use lot housing zoanthids that 

grow in a dextrally coiled fashion that imitâtes 

gastropod shells. Given the morphological cha- 

racteristics of the céphalothorax and abdomen, 

and apparent lack of shell-carrying behavior of 

77 anomala, it is difficult to explain using tradi- 

tional views of hermit crab évolution, why its 

abdomen is membranous (except for weak calci¬ 

fication of the first tergite and second pleura) 

and still has paired pleopods. Eqirally problema- 

tical îs to anempt to explain why in P. mirabilis 

only females hâve asymmetrical tergites (Fig. 2B) 

and unpaired left pleopods, whercas males hâve 

symmetrical tergites (Fig. 2C, D) and pleopods 

(first). An alternative explanation niight be that 

the asymmetry in abdominal tergites and pleo¬ 

pod condition in females of P. mirabilis represent 

a reproductive modification to egg-carrying, 

rather than a morphological trait retained from a 

shell-carrying ancestor. 
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